The properties of glycylglycine and glycine transport across
During the past decade, it has become clearer that the main sites of the terminal digestion of carbohydrates or proteins in the small intestine are the surface of the brush border membrane (membrane digestion) and/or within the epithelial cells (intracellular hydrolysis). Disaccharides are known to be absorbed as monosaccharides after the membrane digestion (CRANE, 1968 ; UGOLEV, 1974) , whereas oligopeptides are absorbed by two different processes; one is transport as amino acids after the membrane digestion and the other is transport of intact di-or tripeptides and subsequent intracellular hydrolysis (MATTHEWS, 1975) . Since NEWEY and SMYTH (1962) , transport of intact di-or tripeptides has been clearly demonstrated in the small intestine by the use of non-hydrolysed or poorly hydrolysed peptides such as glycylsarcosine (ADDISON et al ., 1972) , carnosine (MATTHEWS et al., 1974) or glycylsarcosylsarcosine (ADDISON et al., 1975) . These studies have also demonstrated the Nat-dependent uphill transport of these peptides.
Glycylglycine has been frequently used as a model dipeptide in the study of dipeptide transport. Some investigators have suggested that this dipeptide is transported as such by a system distinct from glycine transport system (NEWEY and SMYTH, 1962; MATTHEWS et al., 1968; ADIBI , 1971; ADIBI and SOLEIMANPOUR, 1974; UGOLEV, 1974) . However, it seems still unknown as to whether transport of this dipeptide is entirely independent of glycine transport or to what extent the membrane digestion is involved in the absorption of this peptide .
The present study aimed at more precise characterization of transport of glycylglycine and glycine across the mucosal border of the small intestine in order to see the interrelationship between glycylglycine and glycine transport . The results show that the kinetic properties and Nat-dependence are greatly different between two substances, supporting the existence of distinct transport systems . Some of kinetic data suggest that the membrane digestion may not be involved in the process of glycylglycine absorption.
METHODS
Guinea pigs of both sex, weighing 450-600 g, were used . The animals were maintained on normal diet until the days of experiments . After anesthetizing with urethane (1 g/kg B. W., intraperitoneal injection), the ileum was partially resected after a wide midline incision of the abdominal wall . When the basal anesthesia seemed insufficient, inhalation anesthesia with ether was complemented during the surgical operation. Usually, the distal half of the ileum , about 15 cm in length, was excised first, and the remaining part of the intestine was put back into the abdominal cavity, then the abdominal wall was closed with clamps. During the experiments with the distal ileum, the animal was kept warm under the basal anesthesia. After the first series of experiments (usually 1 hr later from the first resection) the proximal ileum was excised for the second series of experiments. Our preliminary experiments revealed that the regional difference in glycylglycine and glycine transport along the small intestine was essentially the same as those of galactose and alanine transport (HOSHI et al., 1976) , namely, flux values for these substances were about two-fold higher in the ileum than in the jejunum. Therefore, only the ileum was used throughout the present study .
The isolated ileum was divided into six small segments of 2 cm length, rinsed with oxygenated buffer solution containing 100 mm Nat , and then all segments were everted in a petri dish containing fresh oxygenated buffer solution. Each everted segment was fixed over a polyethylene tube (5 mm in the outer diameter) 
RESULTS
Time course of uptake First the time course of uptake was examined for both glycine and glycylglycine. It was seen that the uptake in the presence of 100 mM Na+ increased linearly with time up to 2 min in both cases, thereafter the uptake rates gradually slowed down (Fig. 1) . Therefore, in the subsequent experiments, 2-min incubation was adopted to determine the initial influxes across the mucosal border. Glycine uptake (Gly) was measured in the medium containing 40 mM glycine, whereas glycylglycine uptake (Gly-Gly) was determined at 10 mM glycylglycine. Na+ concentration in the incubation media was fixed at 100 mM. Each value is the mean of five or six measurements.
for glycine being about 5 times higher than that of glycylglycine.
On the other hand, the affinity of glycine for its transport system is much lower than that of glycylglycine. Such marked differences in the kinetic parameters indicate that these two substances are transported by distinct transport systems.
As compared with glycine transport, glycylglycine transport system can be characterized by a relatively high affinity but a low transport capacity.
Difference in sodium effect on influxes There were marked differences in effect of medium Na+ concentration on influx between glycine and glycylglycine. In the case of glycine, reduction of medium Na+ concentration lowered the rate of uptake, and the cellular uptake rate became virtually zero when external Na+ was totally eliminated (Fig. 3A) . The Michaelis-Menten type relation was seen in the activating effect of Nat, and the half saturation concentration for Na+ was 15.6 mM at 20 mM glycine.
On the other hand, the effect of changing medium Na+ concentration was relatively small in the case of glycylglycine (Fig. 3B) . As shown in Fig. 4 , total elimination of Na+ from the incubation medium caused only a slight increase in Kt without affecting the value of Jmax. The value of Kt increased from 3.4 mM at 100 mM Na+ to 5.2 mM at 0 mM Na+ . When measured at 5 mM glycylglycine in the mucosal solution, the elimination of Na+ reduced glycylglycine influx to 74 of control value (at 100 mM Nat). Thus, glycylglycine transport can be characterized by a very weak Na+ activation in contrast to glycine transport. Although the relationship between the Kt value and the Na+ concentration could not exactly be determined because of a very small Na+ effect, the Na+ effect on glycylglycine transport appeared to be the same as the K-type (affinity type) effect of Na+ on Y. SUZUKI, and T. HOSHI alanine transport in the rabbit ileum (CURRAN et al., 1967 ). An additional experiment showed that the replacement of SO4 --by Cl-had no significant effect on glycine influxes (Table 1) . Intracellular hydrolysis of glycylglycine The results described above show that glycylglycine is transported by a poorly Nat -activated carrier-mediated mechanism distinct from glycine transport system. In order to see the state of glycylglycine after the luminal transport, tissue concentration of free glycine at the end of 2-min incubation period was measured chemically. The data obtained are shown in Table 2 , which show that glycylglycine taken up by the cells had been hydrolysed almost completely within 2 min regardless of the presence or absence of Nat in the outside medium. Table 2 . Comparison of the amounts of glycylglycine taken up by the tissues during 2-min incubation and tissue content of free glycine at the end of the incubation period (2 min). Two different medium conditions were examined; the standard and Nat-free media. The initial medium concentration of glycylglycine was 10 mM. The uptake was measured with radioactive glycylglycine, while free glycine was determined chemically.
* Tissue content of glycine was corrected for intrinsic glycine .
Mutual inhibition between glycine and glycylglycine Although kinetic data suggest that the transport systems for glycine and glycylglycine are separated, some mutual inhibition was observed between these substances. In the presence of Nat, glycine influx from 20 mM glycine solution was inhibited by about 30 % by the presence of 10 mM glycylglycine (Table 3a) . The effect of glycine on glycylglycine uptake was determined in the absence of Nat in order to exclude the possibility of inhibition through the depolarization of the mucosal membrane (MURER and HOPFER, 1974; HOSHI and KIKUTA, 1977) or "trans Nat effect" (SEMENZA , 1971). As described above, glycine uptake is absolutely dependent on Nat whereas glycylglycine uptake is only partly dependent on Nat. Therefore, this series of experiments aimed at observing the direct effect of glycine on Nat-independent carrier-mediated transport of glycylglycine. As shown in Table 3b , glycylglycine uptake was slightly but significantly reduced (by about 20%) by the presence of 40 mM glycine (0.01< P< 0.02).
In additional experiments, the effect of glycyl-L-leucine on glycylglycine transport was examined in the presence of Nat (Table 3c ). In this case, glycylglycine influx from 5 mM solution was strongly inhibited by the presence of 5 mM glycyl-L-leucine, the percent inhibition being 86%.
DISCUSSION
The results of the present study clearly show that glycylglycine and glycine are transported across the mucosal border by separate transport systems in the guinea pig small intestine. The data of kinetic study indicate that transport of both substances conforms to different single Michaelis-Menten kinetics and the values of the kinetic parameters (Jmax and Kt) are greatly different between two substances. Lineweaver-Burk type plot of influx data for both substances revealed entirely independent straight lines. Such independent nature of kinetics is a sharp contrast to the kinetic relation of maltose or trehalose absorption to glucose transport. Maltose and trehalose are known to be typical substances which are absorbed as glucose after the membrane digestion. We previously showed that the double reciprocal plots of the maltose-or trehalose-induced potential changes across the intestine versus the mucosal concentration of the disaccharide revealed a unique relation to the same type plots for the glucose-induced potential changes (IGARASHI et al., 1976) . Except for very high concentrations, the line for the dimer (maltose or trehalose) is linear and the extrapolation of the linear segment intercepts the ordinate at the point common with that for the line of its monomer (glucose). No such a relation or tendency was observed in the plots for glycylglycine and its monomer. Different features of Nat-dependence of transport also suggest the existence of distinct transport systems.
Glycylglycine transport resembles neutral amino acid transport by the rabbit ileum (CURRAN et al., 1967) in the following aspects : (1) The transport is only partially dependent on Nat, (2) The value of Jmax is independent of presence of Nat in the medium. The presence of Na+-dependent component in glycylglycine 
